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(54) Biosensor and method of manufacturing the same 



(57) Disclosed is a biosensor facilitating high accu- 
racy quantification of a specific component in a sample 
solution with no adverse influence of solid substances. 
The biosensor comprises an electrically insulating base 
plate, an electrode system comprising a working elec- 



trode and a counter electrode formed on the base plate, 
a reaction layer containing at least one enzyme dis- 
posed on the electrode system, and an anionic filter 
formed on the reaction layer for inhibiting permeation of 
solid components. 
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D s ription 

The present invention relates to a biosensor for rap- 
id and high accuracy quantification of a specific compo- 
nent contained in a sample and a method of manufac- 
turing the same. 

Conventionally, there is a disclosure of a biosensor 
as mentioned below as the system for facilitating sim- 
plified quantification of a specific component contained 
in a sample without necessitating dilution or agitation of 
the sample solution (Japanese Laid-Open Patent Pub- 
lication Hei 3-202764). 

More specifically, the biosensor is manufactured by 
forming an electrode system comprising a working elec- 
trode and a counter electrode on an electrically insulat- 
ing base plate by screen printing and the like, and sub- 
sequently forming thereon an enzyme reaction layer 
comprising a hydrophilic polymer, an oxidoreductase, 
and an electron acceptor. 

If a sample solution containing a substrate is 
dropped on the enzyme reaction layer of the biosensor 
thus produced, the enzyme reaction layer is dissolved, 
causing reaction between the substrate and the en- 
zyme. As a result, the substrate is oxidized and, at the 
same time, the electron acceptor is reduced. Upon com- 
pletion of the substrate-enzyme reaction, the reduced 
electron acceptor is elect rochemically oxidized. The 
concentration of the substrate in the sample solution is 
then determined from the current value across the elec- 
trodes during this oxidation reaction. 

The biosensor having the above-mentioned struc- 
ture, however, has a drawback that even if the concen- 
tration of the substrate in the sample solution is equal, 
there arises a difference in the measured oxidation cur- 
rent value depending on other components contained 
in the sample solution. 

One possible cause is interaction between solid 
substances exceeding 1 urn in size, such as hemocyte 
contained in the sample solution, and the electron ac- 
ceptor reduced upon enzyme-substrate reaction. Close 
contact of the solid substances with the reduced elec- 
tron acceptor will cause oxidation of the electron accep- 
tor by the interaction therebetween, which leads to in- 
accurate measurement of the oxidation current value. 

One effective measure for correcting this issue is to 
dilute the sample solution with a certain dilute solution 
in order to minimize the difference in the nature of the 
components contained in the sample solution. This 
method, however, is not necessarily advisable from the 
aspect of operability or controllability. 

The object of the present invention is to provide a 
biosensor which can reduce or overcome the above- 
mentioned problems. 

The present invention provid s a bios nsor com- 
prising an electrically insulating base plate, an electrode 
system having a working electrode and a counter el c- 
trode formed on the base plate, a reaction layer contain- 
ing at least an enzyme dispos d on the electrod sys- 



tem, and an anionic filter formed over the r action layer 
for the purpose of inhibiting p rmeation of solid compo- 
nents. 

In a preferred mode of the present invention, the 
s anionic filter is composed of a porous film made of a 
film-forming polymer or a fiber sheet made by a paper 
machine, and an anionic polymer supported on the po- 
rous film or fiber sheet. 

In another preferred mode of the present invention, 
io the anionic filter is a porous film made of a mixture of a 
film-forming polymer and an anionic polymer. 

According to the present invention, it is possible to 
provide a biosensor which facilitates high accuracy 
quantification of a substrate in a sample solution with no 
is adverse effects of solid components coexisting with the 
substrate. 

Non-limiting embodiments of the present invention 
will now be described with reference to the accompany- 
ing drawings, in which:- 

20 

FIG. 1 shows an exploded perspective view of a bi- 
osensor in one example of the present invention, 
with omission of a reaction layer; and 
FIG. 2 shows a longitudinal cross-sectional view il- 
25 lustrating the parts of the biosensor. 

The anionic filter in accordance with the present in- 
vention may be composed of a combination of a filter for 
restricting movements of solid components in a sampl 
30 solution and an anionic polymer for inhibiting dispersion 
of the electron acceptor contained in the reaction layer 
into the sample solution. 

As the movement restricting filter, a porous film 
formed from a film-forming polymer or a glass fiber sheet 
35 made by a paper machine, a cellulose fiber or a resin 
fiber is preferable. 

The preferable method for imparting ah anionic 
property to the filter is to support an anionic polymer on 
the porous film or fiber sheet. It is also preferred to form 
40 the porous film from a mixture of a film-forming polymer 
and an anionic polymer. 

As the measure for imparting the filter with the ani- 
onic property to obtain an anionic filter, it is preferable 
to contain the anionic polymer by not less than 5 wt% of 
4s the filter. 

If the polymer used has the anionic as well as film- 
forming properties at the same time, then an anionic fil- 
ter can be formed by using only this polymer. 

The anionic filter in accordance with the present in- 
50 vention has two different functions as follows. 

First, the smaller pore size of the anionic filter than 
the solid components in the sample solution prevents 
infiltration of solid components into the reaction layer. 
S cond, el ctrostatic r pulsion of the anionic poly- 
ss m r contain d in the anionic filter for the electron accep- 
tor (which is an anionic compound) contained in th re- 
action layer inhibits dispersion of the electron acceptor 
in the sample solution beyond the filter. 
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The anionic filter separates the electron acceptor in 
the reaction layer from the solid components in the sam- 
ple solution by the above-noted two functions. As a re- 
sult, oxidation of the electron acceptor which has been 
reduced upon enzyme-substrate reaction by the solid s 
components in the sample solution can be prevented, 
and the adverse effect of the solid components on the 
sensor response can be minimized. 

I n order to express the first function, the anionic filter 
preferably has a pore size of not more than 1 ujti to avoid 
permeation of solid components, such as hemocyte, for 
example, which are contained in the sample solution 
and will cause adverse effects on the sensor response. 

As the film-forming polymer for constituting the an- 
ionic filter, at least one selected from the group consist- 
ing of ethyl cellulose, methyl cellulose, hydroxypropyl 
cellulose, cellulose acetate, nitrocellulose, polyvinylpyr- 
rolidone, polysulfon, polyvinylidene fluoride, polyamide 
and polyimide is preferably used. 

As the anionic polymer which is another constituent 
for the anionic filter, at least one selected from the group 
consisting of polymers having at the side chain thereof 
a sulfonyl group, a sulfonic acid group or a carboxyl 
group is preferably used. The polymers may be exem- 
plified as perfluorosulfonate ionomer, perfluorocarbox- 
ylate ionomer polyacrylic acid, polymethacrylic acid, 
polyvinyl sulfate, polystyrene sulfonate, poly glutamic 
acid, polyaspartic acid, and carboxymethylcellutose. 

The method of manufacturing a biosensor in ac- 
cordance with the present invention comprises the steps 
dropping a solution containing a hydrophilic polymer 
over an electrode system disposed on an electrically in- 
sulating base plate and drying the solution to form a hy- 
drophilic polymer layer on the electrode system, drop- 
ping a solution containing at least one enzyme on the 
hydrophilic polymer layer and drying the solution to form 
a reaction layer on the hydrophilic polymer layer, and 
forming an anionic filter for covering the reaction layer. 

If the solution containing the enzyme is not agitated 
after dropping it on the hydrophilic polymer layer in the 
step of forming the reaction layer, the hydrophilic poly- 
mer layer would not be mixed with the enzyme layer, so 
that the surface of the electrode system can be covered 
with only the hydrophilic polymer layer. This prevents 
easy development of adverse changes in the perform- 
ance of the electrode system due to adsorption of pro- 
teins onto the surface of the electrode system or chem- 
ical reaction caused by an oxidizing substance, such as 
electron acceptor which is sometimes contained in the 
reaction layer. Furthermore, since this structure increas- 
es dissolution of the reaction layer, a sensor response 
with high accuracy can be obtained. 

The aforementioned anionic filter is formed by the 
four methods as exemplified below. 

1 . To form the anionic filter by the steps of disposing 
a medium dissolved or dispersed therein with a film- 
forming polymer on the reaction layer and drying the 



solution to form a filter, impregnating the filter 
formed from the film-forming polymer with a medi- 
um dissolved or dispersed therein with an anionic 
polymer to allow sufficient infiltration of the medium 
into the filter, and then drying the filter to obtain an 
anionic filter imparted with the anionic property. 

At that time, it is preferable to select a medium 
which would not dissolve the filter formed from the 
film-forming polymer as the medium used for dis- 
solving or dispersing the anionic polymer. 

2. To form the anionic filter by the step of disposing 
a medium dissolved or dispersed therein with a film- 
forming polymer and an anionic polymer on the re- 
action layer and drying the medium. 

3. To form the anionic filter by the steps of cutting a 
fiber sheet to a size which is large enough to cover 
the entire surface of the reaction layer and adhering 
it with pressure onto the reaction layer, impregnat- 
ing the filter with a medium dissolved or dispersed 
therein with an anionic polymer to allow suffici nt 
infiltration of the medium into the filter, and then dry- 
ing the filter to obtain an anionic filter imparted with 
the anionic property. 

4. To form the anionic filter by the steps of forming 
an anionic filter previously, then cutting the anionic 
filter to a size which is large enough to cover the 
entire surface of the reaction layer, and adhering it 
with pressure onto the reaction layer. As the anionic 
filter used here, one formed in advance on a base 
or the like different from the electrically insulating 
base plate by either method from 1 to 3 may be 
used. This method is useful if the medium in which 
at least one of the film-forming polymer and the an- 
ionic polymer is dissolved or dispersed is such a 
medium that could dissolve the reaction layer. 

The step of disposing various mediums on the re- 
action layer, or impregnating the filter with those medi- 
ums is preferably performed by dropping, or immersion. 

As the solvent for dissolving the anionic polymer, 
one selected from the group consisting of water, meth- 
anol, ethanol.. propanol, butanol, acetone, toluene, xy- 
lene and ethyl ether, or a mixture of two or more of them 
is used preferably. The preferable choice is a solvent 
which would not dissolve the filter or the reaction layer 
formed. 

As the enzyme contained in the reaction layer, ei- 
ther of glucose oxidase, glucose dehydrogenase, lac- 
tate oxidase, lactate dehydrogenase, fructose dehydro- 
genase, galactose oxidase, cholesterol oxidase, cho- 
lesterol dehydrogenase, cholesterol esterase, alcohol 
dehydrogenase, alcohol oxidase, ascorbate oxidase, bi- 
lirubin oxidase, or the like may be selected, depending 
on th m asuring substrate of target. 

Accordingly, the biosensor in accordanc with the 
present invention is of wide applicability as a biosensor, 
such as glucose sensor, alcohol sensor, sucrose sensor, 
cholesterol sensor, lactose sensor, fructose sensor, and 
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the like, which use an enzyme -associated reaction sys- 
tem. 

As the electron acceptor, at least one selected from 
potassium ferricyanide, p-benzoquinone, phenazine 
methosulfate, indophenol and derivatives thereof, (3- 
naphthoquinone-4-potassium sulfonate, methylene 
blue, and ferrocene and derivatives thereof is used. 

As the hydrophilic polymer, at least one selected 
from carboxymethylcellulose, hydroxyethyl cellulose, 
hydroxypropyl cellulose, carboxyethylmethyl cellulose, 
polyvinyl pyrrol idone, polyvinyl alcohol, gelatin and de- 
rivatives thereof, polyacrylic acid, polyacrylates, 
polymethacrylic acid, polymethacrylates, starch and de- 
rivatives thereof, and polymers containing maleic anhy- 
dride or its salts is used. 

As the solvent for dissolving the enzyme, the elec- 
tron acceptor and the hydrophilic polymer, water or var- 
ious buffer solutions including phosphate buffer solu- 
tion, citrate buffer solution, acetate buffer solution, tris- 
hydrochloride buffer solution and the like may be used. 

There are two methods for reacting the enzyme with 
the substrate: 1 ) by dissolving the reaction layer con- 
taining an enzyme in a sample solution containing a sub- 
strate to cause reaction between the enzyme and the 
substrate, and 2) by solidifying the reaction layer to pre- 
vent it from floating on the sample solution, thereby 
causing reaction between the enzyme and the substrate 
just upon the surface of the reaction layer. 

The anionic filter in accordance with the present in- 
vention is also effective for such a biosensor that utilizes 
oxygen present in the sample solution as the electron 
acceptor due to the type of electrodes included. 

The method of measurement of oxidation current 
includes two-electrode system comprising a measuring 
electrode and a counter electrode and three-electrode 
system further comprising a reference electrode; the lat- 
ter permits more accurate measurement. 

In the following, the present invention will be de- 
scribed more specifically by way of concrete examples. 
FIG. 1 is a broken oblique perspective view of a biosen- 
sor with omission of a reaction layer. A biosensor is as- 
sembled by joining an electrically insulating base plate 
1 disposed with an electrode system, cover 12 provided 
with an air vent 14 and a spacer 11 in a positional rela- 
tionship as shown by the dotted line in FIG. 1. 

In the biosensor thus obtained, since a cavity for 
constituting a sample solution supply pathway is formed 
in a slit 15 of the spacer 11 between the base plate 1 
and the cover 12, a sample solution can be introduced 
into the reaction layer readily through the sample solu- 
tion supply pathway by simply contacting the sample so- 
lution with a tip 13 of the slit 15 serving as an opening. 
With this structure, the supply amount of the sample so- 
lution depends on th volume of th cavity formed by 
the cover 12 and the spacer 11, so that pr -quantifica- 
tion of the sample solution is unnecessary. In addition, 
this structure minimizes evaporation of the sample so- 
lution during measurement, facilitating high accuracy 



measurement. The use of a transparent polymer mate- 
rial for the cover and the spacer permits easy observa- 
tion of the conditions of the reaction layer and introduc- 
tion of the sample solution from the outside. 

5 FIG. 2 shows a longitudinal cross-sectional view of 
the biosensor in accordance with the present invention. 

First, the electrically insulting base plate 1 is provid- 
ed with leads 2 and 3 by screen-printing a silver paste 
thereon. The base plate 1 is further disposed thereon 

10 with an electrode system comprising a working elec- 
trode 4 and a counter electrode 5 each made of a con- 
ductive carbon paste containing a resin binder, and an 
electrically insulating layer 6 made of an electrically in- 
sulating paste. The layer 6 has two functions to hold the 

is areas where the working electrode 4 and the counter 
electrode 5 are exposed constant, and to cover part of 
the leads. Then, a hydrophilic polymer layer 7 is formed 
on the electrode system. Subsequently, an enzyme lay- 
er 8 is formed on the hydrophilic polymer layer 7. The 

20 two layers thus formed are then covered with an anionic 
filter 9 or a filter 9a. The enzyme layer 8 further contains 
an electron acceptor depending on the material used for 
the electrode system. 

2S Example 1 

First, a 0.5 wt% aqueous solution of sodium salt of 
carboxymethylcellulose (hereinafter abbreviated to 
"CMC") was dropped over the electrode system dis- 

30 posed on the electrically insulating base plate 1 as 
shown in FIG. 2 and dried at 50 °C for 10 minutes in a 
hot drier to form the hydrophilic polymer layer 7 (CMC 
layer). Subsequently, a mixture aqueous solution con- 
taining glucose oxidase (EC1. 1.3.4; hereinafter abbre- 

35 viated to "GOD") at 10 mg/rnl and potassium ferricya- 
nide at 16 mg/ml was prepared. The mixture aqueous 
solution thus prepared was dropped over the CMC layer 
7 and dried at 50 ° C for anothe r 1 0 m inutes in a hot dr ie r 
to form the enzyme layer 8. 

40 Then, a mixture ethanol solution A was formulated 
by mixing a 2 wt% ethanol solution of ethyl cellulose and 
a 0.5 wt% ethanol solution of hydroxypropyl cellulose. 
An aliquot of 5 u.l of the mixture ethanol solution A was 
dropped on the enzyme layer 8 and dried for 1 0 minutes 

45 at room temperature to form a filter comprising a film- 
forming polymer. Then, for imparting the filter thus 
formed with an anionic property, an aliquot of 5 \i\ of a 
1 wt% butanol solution of perfluorosulfonate ionomer 
was dropped on the filter and dried at 50 °C for 10 min- 

so utes. This gave the anionic filter 9. 

Finally, the cover 12 and the spacer 11 were ad- 
hered to the base plate 1 in the positional relationship 
as shown by the dotted line in FIG. 1 . In this way, a glu- 
cose sensor of this example was produced. 

55 s pa rate ly, a blood samp I solution and a glucos 
aqueous solution for this glucose sensor were prepared 
by adjusting the concentration of glucose in each solu- 
tion equal. An aliquot of 3 uJ of each sample solution 
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was supplied from the opening 1 3 of the sample solution 
supply pathway. 

After introduction through the opening 1 3, the sam- 
ple solution reaches the air vent 14 and infiltrates the 
anionic filter 9. The solution which has passed through 
the anionic filter causes dissolution of the reaction layer. 
In the reaction layer, the glucose contained in the sam- 
ple solution is oxidized by the glucose oxidase present 
in the reaction layer, which causes electron movement, 
and the electron moved reduces potassium ferricyanide 
to potassium ferrocyanide. 

One minute after introduction of the sample solu- 
tion, a voltage of +0.5 V on the basis of the voltage of 
the counter electrode 5 was applied to the working elec- 
trode 4 and the anodic current value was measured after 
5 seconds. The measurement results showed that the 
current value in response to the blood sample solution 
was about 98% of that in response to the glucose aque- 
ous solution. 

Example 2 

In this example, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 
tem disposed on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1 . 

Then, an aliquot of 5 u.l of the mixture ethanol solu- 
tion A, which was prepared in Example 1, was dropped 
on the enzyme layer 8 and dried for 1 0 minutes at room 
temperature to form a filter comprising a film-forming 
polymer. Subsequently, for imparting the anionic prop- 
erty to this filter, an aliquot of 5 jil of a 1 wt% aqueous 
solution of polyacrylic acid was dropped on the filter and 
dried at 50 °C for 1 0 minutes. This gave the anionic filter 
9. 

Finally, a glucose sensor of this example was pro- 
duced in the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 95% of 
that in response to the glucose aqueous solution. 



Example 3 

In this example, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 
tem disposed on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1 . 

Then, a mixture ethanol solution B was formulated 
by mixing a 2 wt% ethanol solution of ethyl cellulose and 
a 0.2 wt% ethanol solution of perfluorocarboxylate ion- 
omer. An aliquot of 5 uJ of the mixture ethanol solution 
B was dropp d on th enzyme layer 8 and dried for 10 
minutes at room temperature to form the anionic filter 9. 

Finally, a glucose sensor of this example was pro- 
duced in the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 



the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 97% of 
that in response to the glucose aqueous solution. 

Example 4 

In this example, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 

10 tern disposed on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1 . 

Then, a glass fiber sheet was cut to a size which is 
large enough to cover the entire surface of the reaction 
layer and adhered with pressure to the reaction layer to 

15 form a filter. Subsequently, an aliquot of 10 uJ of a 0.5 
wt% ethanol solution of perfluorosulfonate ionomer was 
dropped on the filter and dried for 10 minutes at room 
temperature. In this way, the filter was imparted with the 
anionic property and the anionic filter 9 was obtained. 

20 Finally, a glucose sensor of this example was pro- 
duced in the same manner as in Example 1 , and th 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 

2S sponse to the blood sample solution was about 98% of 
that in response to the glucose aqueous solution. 

Example 5 

30 in this example, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 
tem disposed on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1 . 
Then, the anionic filter 9 was formed in the same 

35 manner as in Example 4, except for the use of a cellu- 
lose fiber sheet in place of the glass fiber sheet. 

Finally, a glucose sensor of this example was pro- 
duced in the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 

40 the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 95% of 
that in response to the glucose aqueous solution. 

45 Example 6 

In this example : the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 
tem disposed on the electrically insulating base plate 1 

50 as shown in FIG. 2 in the same manner as in Example 1 . 
Then, a filter was formed in the same manner as in 
Example 4 by adhering with pressure a cellulose fiber 
sheet to the reaction layer. Subsequently, a 1% aqueous 
solution of polyacrylic acid was formulated and an aliq- 

55 uot of 1 0 pi of the solution was dropped on the filter and 
dried at 50 °C for 10 minutes, which gav the anionic 
filter 9. 

Finally, a glucos sensor of this example was pro- 
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duced in the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 97% of 
that in response to the glucose aqueous solution. 

Example 7 

In this example, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 
tem disposed on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1 . 

Then, an aliquot of 5 pi of the mixture ethanol solu- 
tion B, which was prepared in Example 3, was dropped 
on a glass plate and dried for 10 minutes at room tem- 
perature to form the anionic filter 9 composed of a mix- 
ture of a film-forming polymer and an anionic polymer. 
Subsequently, the filter thus formed was peeled off from 
the glass plate, then cut to a size which is large enough 
to cover the entire surface of the enzyme layer 8, and 
adhered with pressure to the enzyme layer 8. 

Finally, a glucose sensor of this example was pro- 
duced in the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 95% of 
that in response to the glucose aqueous solution. 

Example 8 

In this example, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 
tem disposed on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1. 

Then, a glass fiber filter was immersed in a 2% eth- 
anol solution of perfluorosulfonate ionomer, and then 
dried at room temperature for 10 minutes, followed by 
further drying at 50 °C for another 5 minutes in a hot 
drier. In this way, the glass fiber filter was imparted with 
the anionic property and an anionic filter was obtained. 
Subsequently, the anionic filter thus formed was cut to 
a size which is large enough to cover the entire surface 
of the reaction layer, and adhered with pressure to the 
reaction layer. 

Finally, a glucose sensor of this example was pro- 
duced in the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 95% of 
that in response to the glucose aqueous solution. 

Comparative Exampl 1 

For comparison, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 



10 

tern disposed on the electrically insulating base plat 1 
as shown in FIG. 2 in the same manner as in Example 
1 , except for omission of the anionic filter 9. 

Then, a glucose sensor of this comparative exam- 
s pie was produced in the same manner as in Example 1 , 
and the sensor responses to the glucose aqueous so- 
lution and the blood sample solution were measured. 
The measurement results showed that the current value 
in response to the blood sample solution was about 70 
to 80% of that in response to the glucose aqueous so- 
lution. 

Comparative Example 2 

For comparison, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 
tem disposed on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1 . 

Then, an aliquot of 5 }il of a 2 wt% ethanol solution 
of ethyl cellulose was dropped on the enzyme layer 8 
and dried for 1 0 minutes at room temperature to form 
the filter 9a. The filter 9a comprising a film-forming pol- 
ymer was not imparted with the anionic property. 

Finally, a glucose sensor of this comparative exam- 
ple was produced in the same manner as in Example 1 , 
and the sensor responses to the glucose aqueous so- 
lution and the blood sample solution were measured. 
The measurement results showed that the current valu 
in response to the blood sample solution was about 83% 
of that in response to the glucose aqueous solution. 

Comparative Example 3 

For comparison, the hydrophilic polymer layer 7 and 
the enzyme layer 8 were formed over the electrode sys- 
tem disposed on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1 . 

Then, an aliquot of 5 u.l of a 0. 1 wt% ethanol solution 
of perfluorosulfonate ionomer was dropped on the en- 
zyme layer 8 and dried for 10 minutes at room temper- 
ature. In this way, an anionic polymer was adhered to 
the enzyme layer 8. 

Finally, a glucose sensor of this comparative exam- 
ple was produced in the same manner as in Example 1 , 
and the sensor responses to the glucose aqueous so- 
lution and the blood sample solution were measured. 
The measurement results showed that the current value 
in response to the blood sample solution was about 73% 
of that in response to the glucose aqueous solution. 

Comparative Example 4 

For comparison, the hydrophilic polymer layer 7 and 
th enzyme layer 8 were formed over the lectrode sys- 
tem dispos d on the electrically insulating base plate 1 
as shown in FIG. 2 in the same manner as in Example 1 . 

Then, a glass fiber sheet was adhered to the reac- 
tion layer with pressure in the same manner as in Ex- 
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ample 4 to form the filter 9a on the reaction layer. The 
filter 9a was not imparted with the anionic property. 

Finally, a glucose sensor of this comparative exam- 
ple was produced in the same manner as in Example 1 , 
and the sensor responses to the glucose aqueous so- 
lution and the blood sample solution were measured. 
The measurement results showed that the current value 
in response to the blood sample solution was about 80% 
of that in response to the glucose aqueous solution. 

Although the present invention has been described 
in terms of the presently preferred embodiments, it is to 
be understood that such disclosure is not to be interpret- 
ed as limiting. Various alterations and modifications will 
no doubt become apparent to those skilled in the art to 
which the present invention pertains, after having read 
the above disclosure. Accordingly, it is intended that the 
appended claims be interpreted as covering all altera- 
tions and modifications as fall within the true scope of 
the invention. 



Claims 

1. A biosensor comprising an electrically insulating 
base plate, an electrode system having a working 
electrode and a counter electrode formed over said 
base plate, a reaction layer containing at least an 
enzyme disposed on said electrode system, and an 
anionic filter formed over said reaction layer for in- 
hibiting permeation of solid components. 

2. The biosensor in accordance with claim 1 , wherein 
said anionic filter is composed of a porous film made 
of a film-forming polymer or a fiber sheet, and an 
anionic polymer supported on said porous film or 
fiber sheet. 

3. The biosensor in accordance with claim 1 , wherein 
said anionic filter is a porous film made of a mixture 
of a film-forming polymer and an anionic polymer. 

4. The biosensor in accordance with claim 2 or 3, 
wherein said film-forming polymer is at least one se- 
lected from the group consisting of ethyl cellulose, 
methyl cellulose, hydroxypropyl cellulose, cellulose 
acetate, nitrocellulose, polyvinyl pyrrolidone, 
polysulfon, polyvinyl idene fluoride, polyamide and 
polyimide, and said anionic polymer is at least one 
selected from the group consisting of polymers hav- 
ing at the side chain thereof at least one functional 
group selected from the group consisting of a sul- 
fonyl group, a sulfonate group and a carboxyl group. 

5. Am thod of manufacturing a biosensor comprising 
the steps of: 

dropping a solution containing a hydrophilic 
polymer on an electrode system disposed on 



an electrically insulating base plate and drying 
said solution to form a hydrophilic polymer layer 
on said electrode system, 
dropping a solution containing at least one en- 
s zyme on said hydrophilic polymer layer and dry- 

ing the solution to form a reaction layer on said 
hydrophilic polymer layer, and 
forming an anionic filter for covering said reac- 
tion layer. 

w 

6. The method of manufacturing a biosensor in ac- 
cordance with claim 5, wherein the step of forming 
said anionic filter comprises the steps of: 

is disposing a medium dissolved or dispersed 

therein with a film-forming polymer on said re- 
action layer and drying the medium to form a 
filter, and 

impregnating said filter with a medium dis- 
20 solved or dispersed therein with an anionic pol- 

ymer and drying the filter to form an anionic fil- 
ter imparted with an anionic property. 

7. The method of manufacturing a biosensor in ac- 
25 cordance with claim 6, wherein said medium for dis- 
solving or dispersing said anionic polymer is one 
that would not dissolve said film-forming polymer. 

8. The method of manufacturing a biosensor in ac- 
30 cordance with claim 5, wherein the step of forming 

said anionic filter comprises the step of disposing a 
mixture dissolved or dispersed therein with a film- 
forming polymer and an anionic polymer on said re- 
action layer and drying the mixture to form an ani- 
35 onic filter. 

9. The method of manufacturing a biosensor in ac- 
cordance with claim 5, wherein the step of forming 
said anionic filter comprises the steps of: 

40 

adhering with pressure a fiber sheet onto said 
reaction layer to form a filter, and 
impregnating said filter with a medium dis- 
solved or dispersed therein with an anionic pol- 
45 ymer and drying the filter to obtain an anionic 

filter imparted with an anionic property. 

10. The method of manufacturing a biosensor in ac- 
cordance with claim 5, wherein the step of forming 

50 said anionic filter comprises the step of adhering 
with pressure a pre-fabricated anionic filter onto 
said reaction layer. 

55 
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